Gitelman's syndrome is an autosomal recessive salt losing nephropathy caused by inactivated mutations of the SLC12A3 gene, encoding the NaCl cotransporter of the distal convoluted tubule. We report a French family with five affected members over two generations suggesting a dominant transmission. After SLC12A3 sequencing of seven individuals, four mutations were detected. Pseudo-dominant transmission was explained by the union of a compound heterozygous woman (two mutations on one allele and one mutation on the other) with a heterozygous healthy man. This study shows the importance of complete genetic analysis of families with unusual presentation.
Background
Gitelman's syndrome (GS; OMIM 263800) is an autosomal recessive disease characterized by a defect in renal tubular sodium reabsorption with secondary hyperaldosteronism, renal hypokalaemia metabolic alkalosis, hypomagnesaemia and hypocalciuria [1] . GS results from inactivated mutations of the SLC12A3 gene, encoding the NaCl cotransporter of the distal convoluted tubule [2] . Most subjects carry two different heterozygous mutations inherited from each parent. Estimated prevalence of GS and of heterozygous carriers is 1/40 000 and 1/100 in the Caucasian population [3] . We report phenotypic and genotypic data of a French family with two unusual features: five members affected over two generations and the presence of four different mutations.
Case report
A 20-year-old man (Patient II.2, Figure 1 ) was referred for severe hypokalaemia (2 mmol/L) with hypomagnesaemia discovered 2 months before. He reported cramps, episodes of tetany and weakness. He had no past medical history, particularly, no prematurity or growth retardation. He was treated with potassium and magnesium supplementation. Normal blood pressure, orthostatic tachycardia, hyperreninaemic hyperaldosteronism, hypokalaemia, hypomagnesaemia, metabolic alkalosis and high urinary excretion of NaCl, K and Mg were confirmed. There was no polyuria or hypercalciuria.
Familial history of hypokalaemia was present in his mother, his maternal aunt and one of his maternal uncles. We first investigated his mother and then five other family members. Clinical and biochemical data are summarized in Table 1 .
The phenotypes of Patients I.1, I.3, I.4, II.1 and II.2 were similar and strongly suggested GS. Genetic investigations were performed after patients' informed consent was obtained. DNA was extracted from blood leucocytes by standard procedures. Mutation analysis was performed by polymerase chain reaction amplification and direct sequencing of the SLC12A3 gene, as previously described [4] . Molecular genetic analysis showed the following results ( Figure 1 ).
The proband (Patient II.2) was compound heterozygous for one frameshift mutation in exon 10 (c.1196_1202dup, p.Ser402X, mutation a) and one splice-site mutation in intron 23 (c.2747 1 1G > A, mutation b). (Figure 1 ). Mutations a and c have been previously described [5, 6] . Mutation b has been detected only in the proband of this family in our cohort [4] and finally, this is the first description of mutation d. We did not perform RNA analysis, but mutation d was not detected in 200 normal chromosomes and four different bioinformatic methods integrated in the Alamut V.2 software predict a loss of donor splice-site (Interactive Biosoftware, Rouen, France; http://www.interactivebiosoftware.com/).
Discussion
We report a French non-consanguineous family with apparent autosomal-dominant transmission of GS with five cases over two generations. Direct SLC12A3 sequencing has allowed us to show that the dominant-like transmission of the disease was explained by the union of a compound heterozygous woman, carrying two mutations on one allele and another mutation on the other, with a healthy man heterozygous for the mutation p.Ser402X. Consequently, the proband and his affected sister differed by the allele transmitted by their mother. An apparent dominant transmission of GS has been previously reported. Bettinelli et al. [7] in 1995 hypothesized that two different genetic transmissions of GS exist, autosomal recessive or autosomal dominant. Subsequently, the molecular analysis of the family described by Bettinelli et al. and another similar family showed that the affected parent was compound heterozygous with two distinct mutations and the other parent was heterozygous for a third mutation [5, 8] . It is well established that GS is transmitted as an autosomal recessive trait, and patients presenting typical GS phenotype are homozygous or compound heterozygous (i.e. bearing two pathogenic mutations in trans). The estimated prevalence of SLC12A3 heterozygous carriers is~1% [3] . Recently, this prevalence was estimated to 0.48% in unrelated subjects of the Framingham Heart study population [9] . Hence, in nonconsanguineous families, the theoretical probability to have an affected child when one of the parents has GS is at least 1/200 and for a couple of one heterozygous carrier and one homozygous or compound heterozygous GS patient, as in the family described here, the probability to have an affected child is 50%.
The four mutations detected in this family are two frameshift and two splice-site mutations probably resulting in unstable/abnormal messenger RNAs or truncated proteins. Interestingly, two of them are located on the same allele. In GS and other recessive diseases such as cystic fibrosis, two mutations on the same allele have been described; they are often missense mutations, which could be either a frequent not pathogenic variant or be functional and contribute to the phenotype severity [10] [11] [12] . Here, the two mutations detected on the same allele are pathogenic and rare. Indeed, in our cohort of 396 GS patients harbouring SLC12A3 mutations [4] , mutation c was detected in only one other proband and for mutation d, it is the first ever description. This finding of triple pathogenic mutations appears to be a rare phenomenon (0.7% in our cohort) but illustrates the importance of sequencing all the exons for probands and parents to check the segregation and to determine if the mutations are located in cis or in trans. Otherwise, individuals with two mutations on the same allele, as sister II.3 in this family, could be wrongly considered as affected.
In summary, complete phenotypic and genotypic characterization are critical to define autosomal recessive diseases with vertical transmission. The probability of a union between a GS-affected subject and a healthy heterozygous subject must be considered to provide accurate genetic advice. Pseudo-dominant Gitelman syndrome 
